Background: The number of elderly hepatocellular carcinoma (HCC) patients is increasing, and precisely assessing of the prognosis of these patients is necessary. We developed a prognostic scoring model to predict survival in elderly HCC patients. Methods: We extracted data from 4,076 patients ≥65 years old from the Surveillance, Epidemiology, and End Results (SEER) database and randomly divided them into training and validation groups. Cox regression analysis was used to screen for meaningful independent prognostic factors. The receiver operating characteristic curve reflected the model's discrimination power. Results: Age, race, American Joint Committee on Cancer stage, degree of tumour differentiation, tumour size, alpha-fetoprotein and tumour therapy were independent prognostic factors for survival in elderly HCC patients. We developed a prognostic scoring model based on the seven meaningful variables to predict survival in elderly HCC patients. The AUCs of the model were 0.805 (95% CI [0.788-0.821]) and 0.788 (95% CI [0.759-0.816]) in the training and validation groups, respectively. We divided the patients into low-risk groups and high-risk groups according to the optimal cut-off value. The Kaplan-Meier survival curve showed that in the training and validation groups, the survival rate of the low-risk group was significantly higher than that of the high-risk group (P < 0.001). Conclusion: Based on a large population, we constructed a prognostic scoring model for predicting survival in elderly HCC patients. The model may provide a reference for clinicians for preoperative and postoperative evaluations of elderly HCC patients.
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant tumours in the world, ranking 6th in global incidence and 4th among cancer-related deaths (Bray et al., 2018) . Although the treatment of HCC has been significantly improved in recent years, the 5-year survival rate of patients is still at a low level, which brings great burden to individuals and society (Yang et al., 2019) . As the ageing of the population intensifies, the number of elderly HCC patients also increases dramatically. Compared with young people, elderly cancer patients have higher morbidity and mortality after treatment (Turrentine et al., 2006; Ramesh, Jain & Audisio, 2005) . Therefore, it is necessary to evaluate the prognosis of elderly patients with HCC.
The accurate prediction of prognosis in elderly patients with HCC is an important part of the management and treatment of HCC patients. Many HCC-related scoring systems have already been reported (Yang et al., 2011; Wong et al., 2014; Flemming et al., 2014) , but there are few prognostic scoring models for the survival of elderly patients with HCC. A reasonable and effective survival prediction model can provide clinicians with effective guidance for preoperative evaluation and postoperative treatment of elderly HCC patients.
The Surveillance, Epidemiology, and End Results (SEER) database is a database based on the United States population that contains a wealth of relevant information for patients with different types of cancer, which provides a large amount of good information for us to study HCC. Some prediction models for tumours based on SEER database information have been reported (Henley et al., 2018; Melamed et al., 2018) .
In this study, we included a large number of elderly HCC patients, explored factors related to survival and established a prognostic model to predict the survival of elderly HCC patients.
METHODS Patients
Patients who met the following criteria were included in the study: (i) age ≥ 65 years; (ii) HCC patients, and (iii) complete patient information (baseline information, tumour-related information and outcomes). Patients younger than 65 years of age, those with non-HCC and those who lacked these data were excluded from the study. We extracted data from 126,024 liver cancer patients from 1975 to 2016 in the SEER database. We screened the data of this batch of patients several times. First, 65,038 patients younger than 65 years were identified, of which, 5,761 non-HCC patients with liver cancer (including cholangiocellular carcinoma, mixed cell liver cancer, etc.) and 20,455 patients with missing baseline characteristics (including age, sex, race, etc.) were excluded. Next, we eliminated 1,774 patients with unknown tumour diagnostic means, 6,456 patients with unknown alpha-fetoprotein (AFP), 8,340 patients with unknown tumour differentiation, and 14,124 patients with unknown tumour size. Finally, 4,076 eligible patients with complete information were included and randomly assigned to the training group (n = 3,000) or validation group (n = 1,076) (Fig. 1) .
Statistical analysis
Continuous variables were tested for normality, and if they follow a normal distribution, the mean ± standard deviation standard is provided, and Student's t test was performed for comparisons between groups. The categorical variables are represented by counts and percentages, and the chi-square test and Fisher's exact test were used to compare the groups.
Univariate Cox regression analysis was used for exploring potential prognostic factors. Factors with P values below 0.05 were included in the multivariate Cox regression by using the forward and maximal-likelihood ratio methods to screen out independent prognostic factors and to establish a Cox proportional hazards regression model. Survival was analysed by the Kaplan-Meier method, and the Kaplan-Meier curves of the subvariables were compared using the log-rank test. The receiver operating characteristic (ROC) curve was used to detect the discrimination power of the prognostic model. We determined the best cut-off value by the X-tile software. Statistical analyses were performed using SPSS 25.0. A two-side P value < 0.05 was considered statistically significant.
RESULTS

Patient baseline characteristics
The clinical characteristics of the patients in the whole population, training group and validation group are listed in Table 1 . Among the 4,076 HCC patients included in the total study, the average age was 73.65 ± 6.04 years old, with a male ratio of 71.4% and a white ethnicity ratio of 69.2%, indicating that the patients were mainly elderly. A total of 96.8% of patients were diagnosed with HCC via biopsy. In terms of tumour degree, most HCC patients (65%) were in stages 1 and 2 according to the 8th edition of American Joint Committee on Cancer (AJCC) (Amin et al., 2017) and had better differentiation (79.1%); only 6.1% of patients had tumour metastasis. There were 3,211 people with tumours greater than or equal to 3 cm and 2,555 people were AFP positive. More than half of the patients chose surgical treatment (58%). These baseline characteristics were similar in the training group of 3,000 patients and the validation group of 1,076 patients, and there was no significant difference. Prognostic factors for the survival of elderly patients with HCC
We included all factors in the univariate regression analysis and identified nine variables that were significantly associated with survival, such as age, sex, race, etc. Next, we included these nine variables in the multivariate regression analysis and identified seven variables, age, race, AJCC stage, degree of tumour differentiation, tumour size, AFP and tumour therapy, that were independent prognostic factors for elderly patients with HCC (Table 2) . We validated the correlations between survival rate and the seven independent prognostic factors that were identified. Patients over 80 years of age had lower survival than those aged 65-80 years (P < 0.001) ( Fig. 2A) . White patients had worse survival than patients of other races (P < 0.001) (Fig. 2B) . In addition, patients with AJCC stages III and IV and III and IV degrees of differentiation had lower survival (P < 0.001) (Figs. 2C and 2D) . Patients with tumours larger than 3 cm that were AFP positive also had worse survival (P < 0.001) (Figs. 2E and 2F ). However, patients who had undergone surgery had a significant increase in survival compared to the survival of patients who underwent other treatments (P < 0.001) (Fig. 2G) . (Figs. 3A-3C) .
Development of the prognostic scoring model
Then, by using X-tile software, the optimal cut-off value was selected as 1.3 and 2.6. Patients with an OS below 1.3 were included in the low-risk group (n = 1,215), patients with an OS greater than 1.3 and less than 2.6 were included in the mid-risk group (n = 1,390), and patients with an OS greater than 2.6 were included in the high-risk group (n = 398). The Kaplan-Meier curve was used to analyse the survival of the three groups (Fig. 3D) . The OS of the low-risk group was significantly higher than that of the high-risk group, and the difference was statistically significant (P < 0.001). The 3 year survival rate was 34.5% and the 5 year survival rate was 11.0% in the low-risk group. However, the 3 year survival rate was 7.1% and the 5 year survival rate was 1.9% in the high-risk group, indicating that the scoring model has good practicability. (Figs. 4A-4C ). According to the optimal cut-off value, we divided the 1,076 validation group patients: patients with an OS less than 1.3 into the low-risk group (n = 400), patients with an OS greater than 1.3 and less than 2.6 were included in the mid-risk group (n = 541), and those with an OS greater than 2.6 into the high-risk group (n = 135). Kaplan-Meier analysis suggested that the survival of the low-risk group was significantly higher than that of the high-risk group (P < 0.001) (Fig. 4D ). In the low-risk group, the 3 year survival was 37.2% and the 5 year survival was 11.9%. In the high-risk group, the survival rate was lower; the 3 year survival rate was only 9.3%, and the 5 year survival rate was only 1.9%. 
Validation of the prognostic scoring model
DISCUSSION
In this study, to better assess the survival of elderly HCC patients, we established a prognostic scoring model based on a large number of patients. In the training group and the validation group, a series of evaluations were performed on the discrimination power and practicability of the prognostic model. Considering the increasing number of elderly cancer patients, this group of patients often has limited treatment options and poor prognosis. Therefore, it is very important to predict the prognosis of elderly patients with HCC. This prediction can provide a reasonable reference for clinicians to perform preoperative and postoperative treatments. Through the Cox proportional hazards regression analysis, we selected seven independent predictors, age, race, AJCC stage, degree of tumour differentiation, tumour size, AFP and tumour therapy, and included them in the prognostic scoring model. Most of these included variables have been confirmed to be closely related to HCC. With the increasing number of elderly patients, the complexity of older patients, including the existence of multiple comorbidities, functional decline and cognitive impairment, and the competing risks of death and inadequate treatment, have made it difficult to predict the prognosis of elderly HCC patients (DeSantis et al., 2019) . Dyson et al. (2014) reported that the mortality of elderly HCC patients is increasing annually. Kim et al. (2013) also confirmed that the poor prognosis of patients with HCC after percutaneous radiofrequency ablation is related to old age. A retrospective study in Japan found that age is an independent risk factor for the development of HCC in non-alcoholic fatty liver disease (NAFLD) patients (Kawamura et al., 2012) . Our study also found age as a predictor of the prognosis of HCC patients. We found that race is an important factor for the prognosis of elderly patients with HCC and that other ethnic groups, including American Indian/Alaska Native and Asian/Pacific Islander, have a higher survival rate than blacks and whites. In recent years, it has been reported that among all HCC patients, Asians or Pacific Islanders have the highest 5 year survival rate, followed by whites, while blacks have the lowest 5 year survival rate (Ha et al., 2016; Altekruse et al., 2012) . Even in the Asian population, the survival rates of HCC patients from different Asian countries is significantly different (Pham et al., 2018) . This shows that ethnicity is closely related to HCC prognosis.
The degree of tumour differentiation often affects the prognosis and choice of treatment options for cancer patients. Early studies have shown that the degree of tumour differentiation can be used as an independent risk factor for early HCC patients, and patients with better HCC differentiation have better prognosis (Nathan et al., 2009) . A large randomised controlled trial (RCT) confirmed that tumour differentiation was a significant factor for local recurrence, OS, and cancer-free survival in HCC patients undergoing percutaneous radiofrequency thermal ablation, percutaneous ethanol injection, and percutaneous acetic acid injection (Lin et al., 2005) . In addition, AJCC staging, or tumour-lymph node-metastasis staging, is also an important criterion for the current staging of cancer patients and is widely considered to be the standard approach for predicting prognosis in most solid tumour systems (Leung et al., 2002) . This approach is consistent with our results; that is, tumour differentiation and AJCC staging are important prognostic factors in elderly HCC patients, and the survival of patients with poor differentiation and AJCC ≥ 3 stage is significantly lower than that of patients with high differentiation and AJCC < 3 stage.
HCC cases in which the maximum diameter of a single cancer nodule does not exceed 3 cm or the sum of the diameters of two cancer nodules does not exceed 3 cm is called small HCC. The HCC diameter value '3 cm or less (≤3 cm)' has an important impact on the treatment options in the Barcelona Clinic Liver Cancer (BCLC) system and the third Japanese Society of Liver Diseases (JSH)-HCC guidelines (Kokudo et al., 2015) . In the BCLC system, HCC ≤ 3 cm is considered to be 'early', and the cure rate is high. This finding may be based on the concept that HCC ≤ 3 cm is uniform and the malignant potential is low (Yamashita et al., 2018) . A cohort study of 202 patients also confirmed our conclusion that patients with HCC with tumours smaller than 3 cm had longer survival after treatment (Camma et al., 2005) . Llovet, Bru & Bruix (1999) also showed that patients with tumour nodules ≥3 cm have worse therapeutic outcomes and prognoses. Therefore, we classified elderly liver cancer patients with 3 cm as the standard and found that tumour size is closely related to patient survival.
AFP is an important indicator for screening liver cancer and prognosis. Bruix et al. (2017) phase III studies found that high AFP is a prognostic factor for poor OS of patients with liver cancer after treatment with sorafenib. Wen et al. (2015) found that AFP combined with miRNA can be used as an early blood biomarker for the detection of HCC.
A multicentre analysis showed that HCC patients with AFP > 1,000 ng/mL had a worse survival after major hepatectomy (Andreou et al., 2013 ). Feng et al. (2017 also confirmed that AFP is an independent risk factor for recurrence among HCC patients after orthotopic liver transplantation. Interestingly, it has been reported that in patients with chronic hepatitis C and advanced fibrosis, AFP ≥ 200 ng/ml has a 99% specificity for the diagnosis of HCC, but the sensitivity is ≤20% (Sterling et al., 2012) . This finding may be related to the increase in AFP and factors other than HCC.
There are many different treatments for HCC patients and are mainly classified surgical treatment, conservative treatment with internal medicine and treatment between them. Surgical treatment, including hepatectomy, is often considered the recommended treatment for HCC patients who are in compliance with the guidelines (Shi et al., 2007) . Conservative treatment with internal medicine is often used in patients with advanced HCC without surgical indications, and this treatment has a certain improvement effect on the survival and prognosis of patients (Cheng et al., 2016; Ikeda et al., 2017) . Considering the high cost of surgery and postoperative complications, as well as the poor efficacy of conservative medical treatment, therapeutic methods between medical and surgical treatment, such as radiofrequency ablation (Fang et al., 2014) , are also being developed. According to our results, compared with other treatment methods, the selected surgical treatment of HCC patients resulted in a better survival rate and supports the view that surgery is the best treatment method for eligible patients.
Based on these meaningful variables, we incorporated them into the equation to construct the prognostic scoring model. , suggested that the model has a good discrimination ability for predicting survival. Next, according to the X-tile software, we screened out the optimal cut-off value, and based on the patient's OS, the patients were divided into a low-risk group, mid-risk group and a high-risk group. The Kaplan-Meier curve indicates that the survival of patients in the low-risk group was significantly higher than that in the high-risk group, indicating that this model has certain practicability. In addition, we also validated the model in the validation group. The results suggest that the performance of the model was also very stable in the validation group.
Previous prediction models for HCC have focused on patients with HCC of all ages or patients with early stage HCC (Wan et al., 2017; Chen et al., 2019) . However, prognostic models based on a large number of elderly patients with HCC are rarely reported. Zhang et al. (2017) developed a prognostic model based on 423 HCC patients who were younger than 40 years old and incorporated clinically relevant factors such as neutrophil-lymphocyte ratio and HbeAg, but they did not validate their model. In contrast, despite the lack of some clinically relevant factors, our model included a large number of elderly HCC patients and was validated in the validation group, which included 1,076 patients. The results suggest that our model has a good predictive ability.
However, there are still some limitations to our study. Due to the lack of information in the database, we did not include the cause of HCC. Common causes of HCC include viral hepatitis and alcoholic hepatitis, as well as non-alcoholic hepatitis, which is now increasingly prevalent. The treatment and prognosis of HCC from different causes may also differ (Sangro et al., 2013; Mazzaferro et al., 2006; Kawada et al., 2009; Lee et al., 2019) . Because of the lack of related data, the treatment options and risk of death selected by the patient cannot be assessed. In addition, we lack information on clinical indicators other than AFP. More indicators included in the study could have helped to identify clinical indicators with high specificity and sensitivity in elderly HCC patients.
CONCLUSION
In conclusion, based on a large population, we constructed a prognostic scoring model for predicting survival in elderly HCC patients. The model has good discriminating ability and practicability, and may provide a reference for clinicians for the preoperative and postoperative evaluation of elderly HCC patients.
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